In the last few years, there has been a resurgence of interest in the role of visual information in the control of movement (e.g., Bard, Hay, & Fleury, 1985; Elliott & Allard, 1985; Elliott, Roy, & Allard, 1982; Thomson, 1983; Zelaznik, Hawkins, & Kisselburgh, 1983) . Most investigators (e.g., Keele & Posner, 1968) interested in the visual control of movement have assumed that time to process visual information about a movement (i.e., movement time) is the primary constraint on accuracy, at least in manual aiming tasks. Researchers have typically required subjects to perform target-aiming tasks in various movement times, and have excluded vision during all or part of a movement to determine what impact exclusion has on movement accuracy. Although exclusion of vision seems to have some impact on movement accuracy, except during very rapid movements, several investigators have pointed out that "equally impressive is the extent to which excluding vision does not interfere with performance, especially over the earlier parts of an act" (Thomson, 1983, p. 427) .
In order to examine the exclusion of vision and the control of movement, Thomson (1980 Thomson ( ,1983 conducted a series of simple but elegant studies in which subjects were required to walk to visual targets with their eyes closed. These studies demonstrated "that while people may. . . continuously use visual information about their relationship to the environment to guide their walking, they don't have to be continuously picking up the information" (Von Hofsten & Lee, 1982, p. 136) . Specifically, Thomson' s experiments indicate that visual information about the environmental layout may be available to guide subjects' walking (running) up to 8 s after they close their eyes.
In the two experiments reported here, I have adopted Thomson's methodology, but I am unable to replicate his findings. I owe thanks to Tim Lee and Dan Weeks for helpful comments, suggestions and discussion; Karen Leonard, John Madalena, Ruth Jones, and Darlene Haime for help with data collection; and Laura Diskin fenpreparing the manuscript.
Correspondence concerning this article should be addressed to Digby Elliott, School of Physical Education and Athletics, McMaster University, Hamilton, Ontario, Canada L8S 4K1. Experiment 1 Thomson's (1980 Thomson's ( , 1983 basic experimental paradigm involved subjects walking to visual targets a short distance away (e.g., 3, 6, 9, and 12 m in Experiment 2) with their eyes closed. In order to examine the temporal decay of visual information about target position, Thomson had subjects begin walking to a target either immediately after closing their eyes or after a brief delay (e.g., 2 or 4 s). Thomson's general finding was that if subjects were able to arrive at the target in less than 8 s (i.e., delay time + walking time < 8 s), their walking accuracy (variability in the direction of the locomotion) was far better than if it took them more than 8 s.
Experiment 1 was designed to replicate this finding. Subjects were required to walk to target locations 3, 6, 9, 12, and 15 m away with their eyes closed. They walked to the target locations either immediately after closing their eyes or after delays of 2 or 4 s. Because of Thomson's work, locomotion accuracy was expected to remain relatively intact when times to the target location were less than 8 s, but then to rapidly deteriorate thereafter.
Method
Subjects. Five male and 5 female undergraduate physical education students participated in the experiment for course credit.
Apparatus. Testing took place in a small gymnasium in a quiet section of a large building. A horizontal strip of white adhesive tape defined the start position. The starting line was perpendicular to a red floor line, which normally defines a basketball court boundary. Five target locations (3, 6, 9, 12, and 15 m from the start position) were identified by strips of adhesive tape placed perpendicular to the red line defining the direction of locomotion. The actual target, then, was the intersection point of the tape and the red line.
Prior to the collection of experimental data, all subjects walked to each target location three times with their eyes closed. Subjects were encouraged to walk at a normal rate, and were told to stop walking when they believed that the toe of their right shoe was in line with the target Subjects were instructed to keep their eyes closed during these practice trials, and were lead back to the starting position by one of the two experimenters in the room. One experimenter was positioned so as to check that subjects kept their eyes closed. Neither experimenter moved while the subject was walking toward the target, and subjects never re- ceived information about their walking performance. To prevent subjects from using auditory cues to guide locomotion, subjects were equipped with a small tape player which generated white noise over the course of a trial. Experimental trials were essentially the same as practice trials except that the delay interval prior to walking was manipulated. The design involved a factorial arrangement of 5 (distance-3, 6, 9, 12, and 15 m) X 3 (delay-0,2, and 4 s). There were five trials for each condition with a separate random order for each subject.
On a particular trial subjects were first informed as to the target by instructing them to look at the target and try to remember its position. They were told to close their eyes when they were certain about the position of the target and to remain standing at the home position until they were tapped on the right shoulder. When tapped, subjects were instructed to walk to the target using a normal gait. Subjects were tapped on the shoulder immediately or 2 or 4 s after closing their eyes. The experimenter timed the interval between eye closure and target estimation.
Algebraic walking error (to the nearest centimeter) was measured in the direction of the locomotion, as well as perpendicular to the direction of locomotion. Although Thomson ignored perpendicular error because it was "very small over the range of distances tested" (Thomson, 1983, p. 430) , pilot data collected in our laboratory indicated that some subjects veered as much as 8" to either the right or left. Raw data in each of the two dimensions were used to calculate constant and variable walking error for each subject for each condition. The two measures provide information about movement bias and variability respectively (see Schmidt, 1982, pp. 64-71) .
Individual subject data then were analyzed in factorial analyses of variance. We believe this approach is superior to the one employed by Thomson. Thomson's method of analysis involved determining one standard deviation (variance) for each condition calculated across individual trials and subjects. Variances for each condition were then used to determine F ratios for homogeneity of variance. Essentially, Thomson's procedure involved pooling within-subjects and between-subjects variability, and made it impossible to determine if differences between conditions in overall variability were due to within-subjects or betweensubjects influences.
Results
Time to target. In order to properly interpret the walking error, it must be demonstrated that in some situations it took longer than 8 s to reach the target, and in some situations less.
As is evident in Table 2 ). Although perpendicular constant error was uninfluenced by distance or delay, the analysis of constant error in the direction of the movement revealed a Distance X Delay interaction, F(%, 72) = 2.9, p < .01. As is evident in Table  2 , subjects tended to underestimate the distance to the target except in the 15-m-O-s delay condition. This interaction, although potentially interesting, accounts for less than 3% of the constant error variance in this analysis, and is uninterpretable in terms of the present theoretical framework because it took subjects longer than 8 s to reach the target in all 15-m situations.
Discussion
Contrary to findings reported by Thomson (1980 Thomson ( ,1983 , this experiment revealed no evidence for the existence of a critical 8-s visual representation of environmental layout. Specifically, subjects' variable walking error in the direction of the movement was no greater in conditions in which walking to visual targets was delayed than it was when they were allowed to begin walking to the target immediately after closing their eyes. Walking error in the direction of the locomotion simply increased with the distance walked. This pattern of findings was true for perpendicular error as well. Because within-subjects standard deviations (variable error) in target estimation were more than half a meter at the 15-m target, error perpendicular to the direction of movement probably should not be ignored (cf. Thomson, 1983) .
Although the results of Experiment 1 provide some evidence for the importance of continuous visual information in the control of locomotion, the evidence is indirect because conditions involving full visual information were not included. Experiment 2 was conducted to remedy this problem.
Experiment 2

Method
Subjects. Five male and 5 female undergraduates participated in this experiment for course credit. None of the subjects had participated in the first experiment Apparatus and procedure. Testing took place in a large carpeted room. A horizonal strip of white adhesive tape defined the start position. Three target locations-4, 6, and 8 m from the start position-were defined by intersecting strips of adhesive tape in line with and perpen- Procedures for collecting experimental data were similar to the first study, with the exception of the trials involving full visual information, which were conducted after all eyes-closed trials had been completed. This was done in order not to confound knowledge of results on trial N with the visual manipulation on trial N + 1. The design involved a 3 (distance-4, 6, and 8 m) X 3 (visual condition-visual information available, no vision with a 0-s delay, no vision with a 10-s delay) factorial arrangement. Again, there were five trials for each condition.
On the no-vision trials, subjects were precued as to the target for the trial, and the white noise was turned on. When the subjects were ready, they closed their eyes and were tapped on the shoulder either immediately or after a 10-s delay. The experimenter timed the interval between eye closure and target estimation. No-vision trials were conducted in a different random order for each subject.
After all the no-vision trials were complete, vision trials were conducted. As in Thomson's (1983) work, subjects were instructed not to look at their feet. As in Experiment 1, one of the experimenters was positioned to make certain subjects followed instructions. All other procedures were the same as in the no-vision trials.
Performance on walking accuracy and time to target were recorded for all trials. Algebraic walking error was measured in both dimensions, and constant and variable error were calculated.
Results
Time to target. As in Experiment 1, it was important to demonstrate that the delay manipulation influenced the time it took subjects to reach the target area. As is evident in Table 3 , time to target was generally less than 8 s in the vision and 0-s delay situations, and more than 8 s when subjects were required to delay their walking.
Walking error. A 3-distance X 3-vision condition repeatedmeasures analysis of variance was conducted for constant and variable error in both dimensions. Although the constant error analysis yielded no significant effects, the analysis of variable error in the direction of the movement revealed a main effect for vision condition, F(2, 18) = 52.3,p<.001;amaineffectfor distance, F(2, 18) = 9.1; as well as a Vision Condition X Distance interaction, f\4,36) = 5.8, p < .01. As is evident in Table  4 , walking error increased with distance, particularly in the two situations in which vision was not available. Post hoc analysis of the variable error interaction (Tukey a, p = .05) indicates that at all distances subjects performed better when vision was available than when it was not available (critical value =17.9 cm). Although in the 4-and 6-m conditions there were no significant differences between a 0-s and a 10-s delay, for the 8-m distance, subjects performed better when they were permitted to walk to the target immediately. Although this latter finding is in line with Thomson's results, the more important variable error finding is the large differences between the vision and 0-s delay condition at all three distances. Contrary to Thomson's finding at short distances, these results suggest that no form of visual representation can take the place of continuous visual input.
When examining error perpendicular to the direction of movement, constant error again appeared uninfluenced by distance or vision condition. However, the variable error analysis revealed main effects for both distance, F(2, 18) -6.5, p < .01, and vision condition, F(2, 18) = 15.3, p < .001. As with error in the direction of the movement, walking error was greatest when subjects walked to the more distant targets with their eyes closed. As is evident in Table 4 , there were large differences between the vision and the two no-vision situations, which were not different from each other (Tukey a, p = .05).
Discussion
Once again, there is little evidence to suggest the subjects can continuously use visual information to control locomotion 
General Discussion
The two experiments reported here generally fail to replicate the "walking delay" effect reported by Thomson (1980 Thomson ( , 1983 , and suggest that continuous visual information is necessary for people to accurately control movement. Why there are differences between these findings and Thomson's findings is unclear.
Although the way these data were analyzed probably does not account for all the differences in results, analytic procedures probably had some impact.
As mentioned earlier, Thomson's method of analysis involved calculating one estimate of variability for each condition across both trials and subjects. Variance ratios (F ratios) were then used to determine if the variability was greater in one condition than another. This procedure confounds within-and between-subjects variability. To illustrate the problem this procedure can cause, we might consider an example case taken from Experiment 2. Recall the variable error means presented in Table 4 for error in the direction of locomotion. The analysis of variance conducted on these data indicated that for the 4-m distance the variable error in the 0-s delay (24.7 cm) and the 10- for the two conditions were 38.98 cm and 63.88 cm, respectively. This translates to an F ratio of 2.69 when the variance for the delay condition (10 s) is divided by the variance for the no-delay condition. With 49 and 49 degrees of freedom (i.e., 5 trials X 10 subjects -1), the two estimates of variability are different at a probability value of less than .005, and the same raw data lead to a different interpretation of experimental results. What is evident when the standard deviations using the two methods are compared with each other is that betweensubjects variability has a profound influence on error estimates, particularly in the delay situation. Although I am not suggesting that between-subjects influences and methods of data analysis explain all the differences between the results reported here and Thomson's results, I am suggesting that caution be used. 1 The findings reported here provide little evidence for the existence of a brief visual representation that can be used to guide movement in the absence of continuous vision. Moreover, the present data suggest that walking accuracy is extremely dependent on continuous visual contact with the movement environment.
' The purpose of presenting the sample calculations is to portray how confounding within-and between-subjects variability can cloud data interpretation in a single case. Although the way Thomson analyzed his data is problematic, statistical procedures do not account for all the differences between our results. What I am suggesting is that Thomson's choice of method throws his findings into question, because there may be unknowns in his work that affect between-, but not within-subjects, variability.
